Abstract. We carried out a Strömgren photometric survey of thirteen southern bright stars, including β Pictoris itself, during three years, d'Astrophysique de Paris, in order to detect possible weak photometric variations. β Pictoris presents a small long-term variation with a change of brightness by −2.1 10 −3 mag per year, over about two years from beginning of 1996, a situation relatively similar to the one about 18 years ago. Among the other stars, only HD 38392 presents weak photometric variations with a period of 21.4 days, probably related to the star rotation period. The negative result concerning photometric variations of all other stars suggests that those stars are actually really stable and strengthens the reality of the variations discovered in the case of β Pictoris and HD 38392.
Introduction
The main sequence stars with infrared excess are believed to be stars with dusty circumstellar disks (Aumann et al. 1984; Backman & Paresce 1993; Vidal-Madjar et al. 1998 ). These so-called "debris-disks" must be a by-product of (young?) planetary systems activity like collisions between asteroidal objects (Backman & Paresce 1993) . Alternatively, the β Pictoris disk could be the result of slow evaporation of Chiron-like objects (Lecavelier des Etangs et al. 1996) . This disk has a very peculiar status in many ways: it has been extensively imaged in optical (see e.g. Mouillet et al. 1997 ) and thermal infrared (Lagage & Pantin 1994) . The spectroscopic surveys also Send offprint requests to: C. Nitschelm Based on observations obtained at the Danish 50 cm telescope (SAT) at ESO, La Silla, Chile. revealed the presence of very fast spectroscopic variations interpreted by the passage in front of the star of comets in very eccentric orbits (Ferlet et al. 1987; Beust et al. 1991 Beust et al. , 1998 . In addition, the re-analysis of the photometric measurements done by the Geneva observatory until 1995 revealed that β Pictoris also presents photometric variations (Lecavelier des Etangs et al. 1995a ). Long term variations were observed from 1976 to 1981. Finally a large amplitude ( > ∼ 0.04 magnitude) and rapid variation was observed in November 1981 during about 10 days. This last variation has been interpreted by an occultation of the star by either a planet or a giant comet (Lecavelier des Etangs et al. 1995a Etangs et al. ,b, 1997 Lamers et al. 1997) .
It thus appears of prime interest to make a photometric survey of β Pictoris and similar main sequence stars. Such a survey should help to determine the frequency of occurrence of long-term variations among these stars. Moreover, rapid variations similar to the one of November 1981, which could be periodic, must be re-observed to discriminate between the different interpretations, and to find a definite explanation.
The Strömgren photometric survey
To compensate for the relatively small number of measurements obtained with our previous survey using the Geneva system between 1989 and 1997, a denser and long lasting photometric survey of β Pictoris and of some other suspected β Pictoris-like star candidates was needed. In October 1995 we began a circumstellar disk survey with the accurate Strömgren uvby photometric system being used almost permanently by the SAT group of the Copenhagen University Observatory. On behalf of a collaboration between Copenhagen Observatory and Institut d'Astrophysique de Paris through INSU (CNRS), we have performed three successive observational campaigns from 1995 to 1998, each season from October to April, using the SAT automatic 50 cm Danish telescope atop Table 1 . List of the targets of the Strömgren uvby program. CMP means a comparison star for a Primary Target which reason to be selected in our program is given as follows: variable (VR), spectroscopic variable (SV), infrared excess (IR), with known circumstellar gas (CG). Campaign 1 refers to the austral summer 1995-1996, 2 to 1996-1997, 3 to 1997-1998 . Data from CDS and the Bright Star Catalog (Hoffleit & Warren 1991) La Silla Observatory (Florentin Nielsen et al. 1987; Florentin Nielsen 1993) . We report here the result of 3 years of observations of the stars listed in Table 1 . This circumstellar program was conducted from 1995 to 1998. As it could be noted only a small amount of stars were selected within our program, the reason being that only about a dozen of stars could be surveyed in a dense enough manner to be compatible with both the overall SAT observing program and the fact that at least two comparison stars should be observed simultaneously for each program star. The star list being extremely short, the program stars have to be selected in an extremely biased manner. They are in fact partly from our previous Geneva survey and partly as being "probably" good candidates, either because some variability is already suspected, or because they present some IR excess with known high v sin i value to favour the probability of extinction by dust within the disc.
Finally, during these three years as studies of dusty disks around A stars were made by several teams, some new stars were added to the program or suppressed from it during the chain of campaigns. Note that particularly β Pictoris, HD 35580 (comparison, hereafter CMP), HD 40200 (CMP), HR 10, HD 22049, HD 22243 (CMP), HD 26676, HD 26793 (CMP) and HD 39014 were observed during all three years, whereas some other stars were observed during only one or two of our campaigns.
Data analysis
Using standard reduction programs, the uvby observations were reduced by the SAT group of the Copenhagen University Observatory (see Crawford & Barnes 1970; Olsen 1994) . The data are available in files containing the Henry Draper (HD) number of the star, the Julian Date (JD) of the observation, the air mass factor of the observation, the Strömgren V magnitude, the b − y color index,
Short term variations
From our set of data, it was possible to search for short term as well as long term variations. The data analysis were performed on differences between stellar measurements and the corresponding measurements made on a comparison star. Short term variations would be detected if two subsequent measurements differ by more than 3 sigma from the average value of the data set. An eventual detection can be confirmed when comparing the star to the other comparison star. Over our three campaigns, no fluctuation was observed in any of our program stars except two of them, HR 10 and HD 38392 which will be discussed below. This result already shows the quality of the survey since we obtained on the average the following precisions on the different parameters evaluated: σ V < ∼ 0.01 mag for V and σ b−y < ∼ 0.005 mag for the b − y color index. Within this accuracy, most of our surveyed stars did not present any short term variations, including β Pictoris.
Long term variations
Concerning long term variations, we will illustrate here our approach directly in the case of β Pictoris, since it is also the only case where some long range variation were detected. Figure 1 shows the Strömgren V magnitude evolution between October 1995 (JD 2450030) and March 1998 (JD 2450880) for β Pictoris and its two comparison stars HD 35580 and HD 40200. It is clear that the three stars present similar variations which are thus not intrinsic variations but systematic residuals. However it is noteworthy that the statistical dispersion of individual data is at this stage of the order of only σ < ∼ 0.008 mag.
To detect possible weak variations, as in the case of our search for short term variations, we evaluate the difference between the data of a given star and its comparison star, provided that the measurements are contiguous in time. Practically, we set a maximum time difference between two measurements and we consider only the couples of measurements separated by less than 0.004 day (∼6 min). This process is done for the Strömgren V magnitude, the b − y color index, the m 1 parameter and the c 1 parameter of all the stars. Figure 2 shows the magnitude difference between β Pictoris and its two comparison stars (HD 35580 and HD 40200), whereas Fig. 3 shows the difference for the b − y color index.
As already mentioned, no short-term variations are detected in the case of β Pictoris. To detect long-term variations, we used the same method as described in Lecavelier et al. (1995a) . We fitted the data of each star (s) by a linear function of the time (t): (a + b · t) and evaluate the probability that the calculated slope b s for the star s is far from 0 assuming that b = 0 is true. For a Gaussian distribution of the statistical noise in the data, the distribution of b s /σ bs must follow a Student law. Here we find that the Student law is well followed and consequently that the probabilities P (b > b s ) are uniformly distributed between 0 and 1 (see an example in Lecavelier et al. 1995a ). For all the stars (s) except β Pictoris, we do not find a b s value significantly different from 0. This shows that our program stars as well as the comparison stars had no significant light variations during the survey. Again this underlines the quality of the survey and the strength of the very few real detections that are presented now. 
Results and discussion
Will be presented and successively discussed in that section the three different types of variations detected during our survey.
Comparison with the Geneva photometric survey
In parallel to our main Strömgren program, the Geneva survey went on with the 70 cm Swiss telescope and the P7 UBV B 1 B 2 V 1 G photometer at La Silla Observatory until its definitive end in 1997 (cf. Here it is clear that the apparent variations visible in the previous figure have been removed. The difference between the two comparison stars is flat, and neither short term nor long term variations are detected over the three years of observations (bottom panel). This is exactly the case of all other stars of the program. In contrast, β Pictoris shows a long term variation with a significant slope which furthermore and as expected, does not depend upon the comparison star used for the subtraction et al. (1995a) , no other variations were significantly detected in these data, except a slight increase of the star brightness from 1995 (Fig. 4) . This increase is marginal and at the limit of the detectability on this survey with a variation slope of (−5.1 ± 2.5(1σ)) 10 −6 mag per day. This is however noteworthy because this can be exactly superimposed on the variation detected with the Stömgren survey which will be discussed in Sect. 4.3. For HR 10, we have already detected a short-term variation in January 1990 (Lecavelier et al. 1995a, and Fig. 5 ). The new data obtained since 1995 also show an apparent group of measurements around December 25, 1996 (Julian Date JD 2450443) during which the star appeared fainter than normally. But a careful look reveals that this group consists of three isolated measurements of lower quality, separated by good quality measurements at the normal brightness level (Fig. 5) . We thus conclude that this apparent variation is not significant.
TY CrA is well known as an high amplitude eclipsing binary. We observed it to search for long term variations. Except one very short term light decrease related to an eclipse, no significant long term variations were observed.
68 Ophiuchi has been removed from the SAT program. This star was included in the Geneva program because of the suspected presence of circumstellar dust which was dismissed by subsequent observations (Vidal-Madjar et al. 1995; Waters et al. 1995) .
HD 38392 periodic variations
We were surprised to see in our search for short term variations that one of our stars, HD 38392 was presenting a surprisingly high magnitude of fluctuation, its sigma being at least twice the one observed in the case of the other stars of our program. Because, as already said, its long term variation was not presenting any trend, we tried to find out the cause of such a behaviour.
The magnitude difference between the stars HD 38392 and HD 38393 is shown for illustration as a function of the (Fig. 6, top panel) . Differences with the two other comparison stars definitely show that variations are due to HD 38392 and not to HD 38393.
From the observation of these data it appears that a periodic variation is present in the data. This was searched for by standard Fourier analysis and a very clear period of 21.4 days showed up immediately. Folding the data in phase, it shows a clear stellar variation of about 0.02 magnitude (Fig. 6, bottom panel) , compatible with a fluctuation due to stellar activity with a rotation period of the star of the order of 21 days.
Note that this period was not previously known but only indirectly inferred (e.g. Soderblom et al. 1991, infer 12.8 days; Stepień & Geyer 1995, infer 20 days) from the correlation between the emission flux in the h and k lines of MgII and the rotation period. Here we directly observed the stellar rotation period if our interpretation is correct.
β Pictoris long term variations
In the β Pictoris case, the calculated slope b βPic is significantly different from 0. The probability to have a so large slope b βPic only by chance and due to the statistical noise is P (b > b βPic ) 10 −7 . The fits to the β Pictoris data (solid lines in Figs. 2 and 3 ) start from JD 2450100 because before this date, data were obtained only with HD 35580 as comparison star. The two other panels show the times when the star appeared fainter than normal in January 1990 (top panel) and December 1996 (bottom panel). The filled circles represent the good quality data (weight ≥ 3) and crosses represent the lower quality measurements (weight < 3). It is clear that the variation in 1990 was real (and observed in other bands not shown here) while the apparent variation in late 1996 is only due to 3 lower quality measurements separated by good quality measurements at normal brightness
The fit gives a slope (−6.55 ± 1.18(1σ)) 10 −6 mag per day if we use HD 40200 as comparison star, and a slope (−5.56±0.75(1σ)) 10 −6 mag per day with HD 35580 as comparison star. Assuming that the distributions are Gaussian, we can combine the two slopes and we find that the variation of the β Pictoris magnitude was (−5.84 ± 0.64(1σ)) 10 −6 mag per day. This corresponds to a variation of −2.1 10 −3 mag per year. As a conclusion, the brightness of β Pictoris significantly increased from JD 2450100 (January 17, 1996) to JD 2450876 (March 3, 1998) by about 4.5 10 −3 magnitude.
Constraints on future β Pictoris observations
In the β Pictoris observations, no rapid light variations, neither in V magnitude, in the b − y color index nor in the m 1 and c 1 parameters were detectable during the three campaigns (1995-1996, 1996-1997 and 1997-1998) . This is nevertheless interesting and significant. It is now clear that an event like the one, which occurred in November 10, 1981, is very rare. Assuming that the event of November 1981 is periodic, and using the available data with the Geneva and Strömgren observations, it is now possible to eliminate a large range of value for the putative period. Each given measurement at time t which does not show There is no long-term variation for these two stars. Bottom panel shows the periodic variation detected for HD 38392 with a period of 21.4 days corresponding to its rotational period (Stepień & Geyer 1995) this variation allows to eliminate the period P 1 given by the time difference between the measurement and the date November 10: P = P 1 = t − t 11/10/1981 . In fact, considering that if this event had occurred again, it would have been detectable during one day (which is a very conservative assumption), each measurement allows to eliminate the range of period P 1 plus or minus half a day. Moreover, each period P n resulting from the division of P 1 by an integer n can also be eliminated. In other words, for each measurement at time t, the ranges of period [(P 1 − 0.5)/n; (P 1 + 0.5)/n], where n is an integer, are not possible. The resulting set of impossible periods is plotted in Fig. 7 for the Geneva and Strömgren data. From this plot we see that 90% of periods between 0 and 1000 days can be eliminated. 49% of periods between 1000 and 2000 days, 29% of periods between 2000 and 3000 days and 57% of periods between 5000 and 6000 days are also eliminated. To cover the periods between 3000 and 5000 days, new observations are required from nowadays to the year 2009.
Conclusion
We performed a photometric survey of the star β Pictoris and a few β Pictoris-like candidates during a total of about eighteen months from 1995 to 1998, using the automatic 50 cm Danish telescope atop La Silla Observatory and (1) and the Strömgren system (2). Between 0 and 1000 days, 90% of the periods are impossible. Periods between 5000 and 6000 days are eliminated by the non-observations of rapid variations in the data collected recently from 1995. Whole fractions of these periods are also eliminated and allow to conclude that about 50% of the periods between 1000 and 2000 days and between 2500 and 3000 days are not possible its Strömgren uvby photometer. No star observed during this campaign except HD 38392 and β Pictoris showed any significant variations. This negative result reveals the quality of the observations and enforces the reality of the two variations observed. This also seems to indicate that short and long-term variations for these β Pictoris-like stars must be exceptional. In the case of HD 38392, a periodic variation was clearly detected with a period of 21.4 days, probably related to the stellar rotation period. Having some activity at its surface, this induces some weak photometric variations in all indexes followed in our survey.
Concerning β Pictoris, a new long-term variation has been seen with an increase of the star brightness starting from January 1996. These long-term light variations, which could be due to inhomogeneous distribution of the dust within the disks, are very weak and need several years of observation to be detected. It is interesting to recall that the photometric event in November 1981 was observed after such a slow increase of the star brightness in the preceding years (Lecavelier et al. 1995a) . It thus appears important to continue the photometric survey of this star with a time coverage as dense as possible.
